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1.0
INTRODUCT 10N

The. waters of the Santa Ynez River are put to a variety of uses, including the 'maintenancé of
public trust resources both within Lake Cachuma and downstream of Bradbury Dam, as well
as consumptlvc urban and agricultural uses within the Santa Ynez. Valley and along
the coastal plain encompassing the City of Santa Barbara and its urban enwrons Smce |
1993, the U. S. Bureau of Reclamation, California Department of Fish and Game (CDFG), _
U.S. Fish and Wlld]lfe Service (FWS), and various water pro;ect operators have been party -
to a “Memorandum of Understandmg (MOU) for Cooperatson in Research and Fish |
'Mamtenarrce” on the Santa Ynez River, downstream of Bradbury Dam (“lower . river”).
Parties to the MOU mai.n_t_ain a Technical: Advisory Committee (TAC) whose altimaté goal is
to “develop recommendations for long term fishery maﬁagcmem, projecta and 'operations”.in

the lower river.

The TAC was established in response to State Water Resources Control Board (SW-RCB.) :
- actibn‘s dealing with Bradbury Dam-and the lower Santa Ynez River that culminated in the
- SWRCB requesting flow recommendations for maintenance of public trust resources in the -

lower river. It was also established to broaden the scope of management optiohs potenti'al'!_'y' '

available to protect public trust resources within the lower river, to attempt to accommodate -

the needs of all .interested'parties.,- and ultimately develop mutually accéptable'manag:erner_lt o
actions. '._Sin(':e 1993, the TAC has -worked from year to year to undertake a variety‘o'_f .studi.e_s
of the lower river. These studies have included: (:i) water temperature and dissolved oxygen

_(DOI) monitoring in Lake Cachuma and in the lower river from the stilling basin bei.ow' '
- Bradbﬁry Dam to the lagoon; (ii) habitat quality evaluations in both the lower river and” its |
mbutanes (iii) flow requirements for ﬁsh passage in the lower river; and (lv) fish populat:on

surveys in both the lower river and its tnbutarles (SYRTAC 1994, 1995).

Over time, the parﬁés and the SWRCB recognized a need for a longer'—tenn'study plan to.
provide additional technical information to policy makers. In March 1996, the _Cbnsensus

Committee approved a _long-temi sfudy plan developed by the TAC Biology Subcommittee
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(SYRTAC 1996). The plan pl"OVldeS the overall framework for the TAC studies, which are

devoted to acquiring techmca] information regardmg

1. The diversity, abundance, and condition of ex1stmg pubhc trust ﬁshery resources
within the lower river; :

2. Condmons which may Ilmlt the dwersnty, abundance, or condmon of publzc trust

fishery resources w1thm the lower river;

3. Non-ﬂow measures which could be expected to improve the conditions that
currently act to limit the diversity, abundance, or condition of pubhc trust fishery
resources w1thm the lower river; and - :

4 -Altematwes to the exlstmg operational regime of the Cachuma Project which could
- be expected to improve the conditions that currently. act to limit the dwersrty,
'abundance, or condition of public trust fishery resources W1thm the lower river. '

Thss report addresses the issue of habltat avaxlablllty and quality changes w1th respect to "
flow in the mamstem Santa Ynez River below Bradbury Dam (as listed in part of Itern 2, |

above)

_Tl'us study is 1dent1ﬁed asJob3 in the 1997 revrston of the Proposed Investigations report
' (SYRTAC 1997) The specific objective of this report is to- determine the relatlonshlp
~ between streamﬂow and habltat quantity and quality for each fish specres ltfe-stage

function, using modelmg and empmca} data. This document addresses the effects of flow

on reanng habitat. ' Included are a descnptlon of the methods used the results of these -

mvesttgatlons and a dlscussmn of the 1mphcat10ns of these results for steelhead_

management in the mamstem Santa Ynez River. Fish passage also part of Job 3,is

addressed in a separate repor_t..

In 1996, the SYRTAC implemented a study led by '-CDFG to determine how stream

habitat varies ‘with ﬂow in the Santa Ynez River. The study was designed to- -evaluate .
- changes in the top wrdth of the river (the wetted width of the channel) with changes in
stream flow releases from Bradbury Dam. Addltlonal parameters to be considered in this

~study included water depth at the deepest portion of the flowing channel (the thalweg) +

“and the mean column velocity assoc1ateclrw1th this portion of the channel (the thalweg




velocity). The study was set up to evaluate how these parameters changed in the primary

habitatitypes of importance, with habitat types being riffles, runs, glides, and deep pools.

This report describes the methods uséd in this study, the résﬁ]ts of the study, and pi'ovides _

a brief discussion of the implications of these results for steelhead management.
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2.0
METHODS

Two data sets were used'to detfelop habitat flow relationships in three reaches of the

Santa Ynez River. Thcse reaches are: (1) the Alisal Reach near the Allsal Road bridge; =

(2) the Refugro Reach, upstream of the Refuglo Road bndge and (3) the Highway 154
Reach which extends from Hrghway 154 to Bradbury Dam In the first two reaches,
‘empirical data was collected as described below. In the Highway 154 reach, it was not
possible to obtain penmssron 10 access the river from the land owners, and therefore the
IFG-4 models developed by Department of Water Resources (DWR) (1989) were used to.

generate the measurements col]ected in the other reaches.

A total of 23 individual' habitat 'units (pool, riﬂle, run, glide) were selected for a

habitat/flow relattonshlp study in the Refugio and Alisal Reaches of the Santa Ynez_ -

~ River. Each habitat unit was surveyed at flow levels of 50 cubrc feet per second (cfs),
35cfs, 20 cfs, and 10 cfs (release levels from Bradbury Dam), although the flows at the

habitat units were generally less than this due to groundwater recharge of the released
"~ flows. Each habrtat unit was measured for length and between 310 10 transects were

placed in each umt perpendrcular to the flow. Transect endpoints were marked by driving

Y-inch rebar into the substrate on each bank outside of the wetted channel at the hlghest R |

flow measured The distance between the two headpms was noted during the first set of |
data collected (at 50 cfs) and matched during subsequent measurements to facthtate
precise collectlon of data. At this tlme, the drstance of the thalweg from the left bank
.headpm was also determined, and at each subsequent release level the water surface
.elevatlon depth, and velocity measurements were taken at. the same Jocation. Dunng '
each measurement, top width (the width of the wetted channel) was determined from the
tape. Water surface elevation and thalweg bed _e]evation ‘were SUrveyed in nsing an
autornatlc level and standard surveying techniques Mean colnmn velocity was taken to
- the nearest 0.05 feet per second (fps) at the thalweg using a Marsh McBimey Model 2600

current meter and a top set wadmg rod. Thrs measurement was taken as the water
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'velocrty at 60 percent of the total depth if water depth was less than 2.5 feet, or as the

average of the water velocities at 20 and 80 percent of the total depth if the depth was
~ greater than 2.5 feet These velocity measurements are referred to as.thalweg velocmes :
in the remamder of this document. River flow was measured upstream of survey

locations during each"day data were collected.

Dunng data reductxon and analysrs pools were separated into deep and shallow pools. A
pool was placed in the shallow pool category, if no transect within that habitat unit had a
~ thalweg depth of more than 3 feet at a flow of 10 cfs. The empirical data collected above |

were Iog transformed and log-log linear. _regression. equations were generated between |

stream flow release and top width, thalweg depth, and thalweg velocity for each transect. o

:Fror'n this function the top width, thalweg depth, and thalweg velocity was determined at
1.5 and 3 cfs, and at 5 cfs intervals from 5 to 50 cfs To be considered adceptable for
further evaluatron, the regressron equations were requlred to have a positive slope and a
r-squared value of 0.8 or greater. The values produced by these equations were checked
against_the field data for accuracy and only those regressions that reproduced velocity or
depth values within 0.1 fps, or 0.1 feet, or wetted perimeter values vﬁth_in 2 .feet.were.
‘accepted. The individual predicti_ons for each predicted value of a parameter were rhen

- averaged by reach and habitat tYpe to produce the final functions for each parameter.

- Inthe area of the Santa Ynez River between nghway 154 and Bradbury Dam a similar

_habitat analy31s in this area was conducted based on the IFIM models ongmally produced

by__DWR and re-ca_llbrated by ENTRIX (1 995). Output from the hydraulic models was
used to determine the top widths, thalweg depthé, and thalweg velocities at simulated -
target flows described above. In this analysis, the target flows were the flow at the

transect and not the flows being released from the dam.

The data collected were evaluated to determine how habitat changes wrth stream flow.
This analysis is based primarily on changes in top-width and width to depth rati_o,
with changes in depth and velocity considered secondarily. Top width is evaluated as .a
.rneasure of habitat quantity, while W1dth to depth ratio, depth and velocity are measures

of habitat quahty
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"Generally, the greater the .top width, the greater the amount of habitat. Chahges' in top.
width were con31dered from the standpomt of the absolute and relative change in top
width from. one flow. to the. next. Large changes in top-w:dth would 1ndlcate a large
change in the amount of potentlal living space available to steelhead. While top w1dth is’
| not the same as suitable habitat, it has been used as an index of the amount of hablt_at
available in the past _-(Sﬁﬂ 1976, Annear and Condor 1983, Nelson 1984). : While .tOp '
* width can be used as an index of habitat quantitj, it does hot address habitat quality. For
instance, a section of stream that is 100 feet wide and 2 inches deep provides less habiiat -
for fish than a chahne! that is-20 feet wide and 2 feet deep. To address the issue of habitat

quality, we have incorporated an evaluation of width to depth ratios into our analysis.

Width to depth ratios were.calcula_te'd by habitat type for each reach. Generally speaking,
a higher width to depth ratio_denotes better habitat, as this indicates a generally narroivelf_ e
and deepef channel which provides the fish with more cover. At flows whefe there is an

inflection in the width to' depth ratio versus flow func_t'ion, one would 'expe_ct to find -

morphological changes in the river that rﬁight result in substantial changes in the habitat

flow relationship and thus mlght result in substantlal changes in habitat over a relatlvely

small change in flow.
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Different hai:uiiat typing .systems' were used between ﬂie 'DWR IFIM datﬁ for the
Highway 154 reach and the empmcal data gathered at the Reﬁaglo and Ahsal Reaches.
While riffles, runs, and pools were similar, the IFIM transects included shallow poo]s
(Iess than 3 feet deep) and the empirical transects mcluded glides. Comparison o_f
velocities and depths and their résponsé to ch.ange.s in flows indicates that glide and
_shallow pool habitats are hydrologically similar, although the shallow pools modeled by
DWR were sﬁbétantially wider than the glides 'evaluated-inr the .current .study. ‘The

similarities in their hydrologic response indicates that they may represent the same

habitat type, however the dlfference in width suggests otherwise. The river has .

expenenced several high ﬂow years between the two studies (1986 and 1996) and may '

have become more mcxsed as a result of these events.

Riffles tended to be broad and shallow, as were glides and sHallow podlé. Runs and. deép |
pools were narrower and deeper than riffles and glides and shallow pools. Riffle hébitﬁts

had the highest velocities, runs had somewhat lower velocities, and glide_/shz_illo\;v popls -
and deep podls had relatively low velocities Which wc_:ré of similar magnitude at any

given flow.

3.1  Top WIDTH

“Top width increased most rapidly with flow between 1.5 and.5 cfs for all habitat 't'ypes. .

and in all reaches. The top width of riffles tended to increase the most as flow inC_i-ééSad,.
pools'had the least change in top width with flow (Table 3-1). Generally speaking, once L

- flow increased beyond 10 cfs, there were only minor changes in top width of all habitat

types at each sequential simulated flow. This was true in terms of both the absolute -

~magnitude of the change and the percent increase.
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In the Highway 154 reach, the greatest change in top width occurred when flow inCreased
from 1.5to 5 cfs (Figure 3- la) This change in flow resulted in a change in top width of
910 ]0 feet in run and riffle habltats (Table 3-2a), or a relative change of nearly 20 and
15 percent, respectlvely (T able 3 2b) The top width of shallow pools changed the most
as flows increased from 5 10 10 cfs (5 feet, 3 percent), while the top width of cl_eep pools
changed the most as flows went from 1.5 to 3 cfs (5 feet, 7 percent). As flows increased
B beyond 15 cfs,' the relative change in the top width of all habitats was generally less than
' 3 feet (3 percent) between subsequent flow intervals. Top width increased by between
8 and 25 feet (11 and 45 percent), as flow was increased from 3o 50 cfs, a 16-fold
increase in flow. ‘This increase was least in deep pools,. which likely provnde the best

. habitat for steelhead. Riffles and runs had the greatest cumulative increase in habitat.

In the Refugio Reach, the absolute change in top width from one flow value to the next
exceed 4 feet only for riffle habitats as flow changed from 5 and 10 cfs (Figure 3-2a).
ThlS ﬂow mterval had the greatest change in top width for all habitats with changes
ranging from 1.6 to 4.3 feet (Table 3-2c), or3to9 percent (Table 3-2d). As flow
- increased above 15 cfs, the relative increase in top width between subsequent flow
intervals was generally less than 2 feet (4 percent) for all habltat types, with the relative
change dlmlmshmg with i mcreasmg flow (Table 3-2d). The cumulative percent change in |
' _top width as flow increased from 3 to 50 cfs ranged from 5 feet (8 percent) in deep pools

to 19 feet (43 percent) in nfﬂes (Flgure 3-2b).

' In the Alisal Reach,'.top widths were less than in the Refugio Reach for all habitat types

except nuns (Fignre_ 3-3a). The absolute magnitude of change in top width from one flow
to- the next is very similar to that for the Refugio Reach, with the gfeatest changes
occurring between S'and 10 cfs for al! habitat types (Table 3-2e). At this flow, top widths
changed by between 2 and 5 feet depending on habitat. Because the top widths were
generally I.ess than in the Reft.lgio'l.{each, however, the relative change in top width was
- somewhat higher, w1th all habitat types except runs having relative changes in top width

of 7to 12 percent (Table 3-2f) as flow increased from 5 to 10 cfs. Asinthe other two




Top Width vs. Flow by Habitat Type in the HWY 154 Reach
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- Figure 3-1.

‘Top Width Versus Flow Relationship in the Highway 154 Reach.
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Table 3-2.

Change in Top Width in Each Reach..

HWY 154
a) b}
Discharge riffles runs glides sh.pools dp.pocls  Discharge riffles nns glides  sh. pools dp. pools
1.5 . - - not - - 15 - - not - -
3 - 3.4 8.6 sampled ~ 2.9 4.7 3. 63 196 sampled 2.0 74
5 8.7 10.3 27 1.0 5 15.1 176 1.8 1.5
10 2.9 1.8 5.2 1.8 10 44 26 3.5 25
15 241 48 39 13 15 3.0 6.6 2.5 18
.20 . 24 1.5 31 13 20 34 2.0 1.9. 17
25 23 1.1 20 .09 25 - 31 1.4 1.2 1.2
0 18" 1.5 1.6 0.3 30 2.4 2.0 1.0 0.5
35 13 0.5 1.4 0.3 35 | 1.7 06 08 0.4
40 1.2 - 05 1.2 - 0.4 40 15 0.6 0.7 05
i 45 21 0.4 1.2 03 45 26 - 0.5 07 04
50 1.4 0.4 11 0.2 50 13 0.5 0.6 03
Refugio
c) d
Discharge rifflas runs glides sh. pools dp. pools Discharge riffles runs glides sh, pools dp. pocls
1.5 .- - oo - - 1.5 - - . S -
3 o 20 3.0 1.9 1.2 3 73 80 58 - .66 .23
5 2.5 1.0 19 15 - 09. 5 56 36 . as 4.9 1.7
10 _ 43 21 3.0 2.2 1.3 10 8.2 76 54 6.9 24
15 28 14 1.9 1.4 0.8 15 5.4 AT 33 4.1 1.4
20 2.1 1.1 15 1.0 0.6 20 a9 34 2.4 29 1.0
25 1.7 08 1.2 0.8 0.5 25 3o 27 19 - 23 - 08,
30 1.4 0.8 1.0 0.7 0.4 30 25 2.3 1.6 1.9 0.7
35 1.3 0.7 0.9 06 0.3 35 21 20 1.3 1.6 0.6
40 1.1 06 - 08 - 05 - 03 40 1.8 17 1.2 1.4 0.5
45 " 1.0 05 0.7 0.5 0.2 45 1.7 15 1.1 1.2 04
50 0.9 0.5 . 0.6 0.4 0.2 50 1.5 14 09 11 - 04
Alisal .
€) f
Discharge _riffles uns glides sh. pools dp. pools Discharge riffles runs glides: sh. pools dp. pools
1.5 - - - not - 1.5 - - - not -
3 4.0 1.0 3.0 sampled - 20 3 12.1 40 7.1 sampled = . 6.9
5 - 32 1.7 25 ' ' 2.4 5 86 6.7 55 - S 76
10 48 19 4.1 32 10 11.9 6.8 8.7 9.7
5 31 . 1.2 27 23 15 6.9 4.0 5.2 6.3
20 24. 0.9 2.0 1.9 20 49 28 38 4.8
25 1.9 07 1.7 1.6 25 38 2.2 3.0 4.0
30 1.6 0.6 1.4 1.5 30 © 34 1.8 2.5 34
a5 1.4 05 . 1.2 1.3 35 26 1.5 2.1 3.0
40 1.3 0.4 11 1.2 40 - 23 1.3 - 1.8 27
45 1.2 0.4 1.0 1.2 45 20 1.2 1.6 25
50 1.1 0.4 0.8 1.1 50 1.8 1.5 23
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Top Width vs. Flow by Habitat Type in the Refuglo Reach
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Figure 3-2. - Top Width Versus Flow Relationship in the Refugio Reach.
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Tob Width vs. Flow by Habitat Type in the Alisal Reach
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Figure 3-3. Top Width Versus Flow Relationship at the Alisal Reach.
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reaches, the relative change in top width decreases with increasing flow, generally -
increasing less than 3 feet (5 percent) between simulation ﬂows as flow mcreased beyond |
15 cfs. The cumulative change in top width ranged from 9 to 22 feet (34 to 58 percent) as
flow increased ﬁom 3 t0-50 cfs.” Unlike the other two reaches, deep pools in the Alrsal
Reach had the second hrghest proporhonal increase in top wrdth rather than the lowest

increase.

 In general, deep pools had the ieast’ ehange in t.op width in response to Changtng' flows,
while riffles had the most change. In the Alisal Reach, however deep pools changed
more than did ghdes or runs. In all reaches, the amount of increased flow. needed to
obtarn a given increase in top width is proportionately much greater than the amount of
habita_t gained. .For example_, to incre.ase glide top ravidths by 10 percent in_the Refugio_
~ Reach requires more than a 300 percent rncrease in. flow. To ettain a similar increase in .' :
" deep pool habitats in' the Highway 154 Reach requires an increase in flow of nearly

1,300 percent. . The habitats in the Alisal Reach are more responsive than in the other

h 'reaches, requiring about a 200 to 250 percent change in ﬂow to obtain a 10 percent |

change in top: w1dth for all habitat types.

32 Wl_DTH TO l_)_EP'm RATIOS
The width to depth ratios .were fai.rly.unjfo_nn across the range of flows modeled in all
'_hnbitat_ types except riffles (Figure 3-4). The width to, depth ratio in riffles was generally
- 'much hig'her_than that of the other hebitat-types and decreased as .ﬂow increased. The
rate of change in the width to depth ratios in riffles at the Refugio and Alisal reaches .
changed 'substantially at about 5 cfs. Glides i'n the Refugio Reach and shaliow pools in
the other reaches also had hrgher width to depth ratios than runs and deep poois In the
nghway 154 Reach, the width to depth ratios of shallow poo}s was greater than that. of
riffles at all flows and genera]ly declmed as ﬂow increased. The declining width to depth :
' ratio here and in the riffle habitats in all reaches mdrcates that the proportional increase in
' width is less than'the p_roportio_na! increase in depth as flow increases. This indicates that
in these shallow habitat types, you generally improve habitet_ as you increase flow, ;and

that this"improvexnent is greatest as flows increase between 1.5 and 5 cfs in the Refugio

3-8




Width to D_epth Ratios in the HWY 154 Reach
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Figure3-4. Width to Depth Ratio by Reach and Habitat Type.
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and Ahsal reaches In the nghway 154 Reach, the mﬂecuon in the w1dth to. depth ratio
is not as pronounced for the nfﬂe or the shallow pool habitats, but appears to lie between
10 and 15 cfs. ' '

| . The relatlvely constant w1dth to depth ratios in the other hab:tat types 1nd1cates that there |
isnot a substanhal change in habltat as flow increases. Based on this, it is reasonable to
use the results of the top width analysis to assess changes in habitat with flow in these |
habitats. - B | |

33  MAXIMUM DEPTH

As would be éxpected, t_he values of maximum depth increased with ﬂdw in all reaches
and in all habitat types (Table 3-3, Figure 3-5). Unexpectedly, deep pools showed an
initially greater response to chéngcs in flow in the Refugio (Figure 3-5b) and Alisal
‘ reaéhes (Figure 3-5c) than did the'other habitat types. . This greater change in maximum
depth i is attributed to the narrower channel widths of deep pools and their inability to
increase veIocztles as rapidly as other habitat types because of their downstream controls.

- However, over the entire range of flows simulated, deep pools had the lowest response of -
| ény habitat type. Across habitais, the Refugio Re.ach' had the greatest average change in
depth (0.8 feet), and the Highway 154 Reach had the least (0.6 feet). Generally, depths -
increased réiatively slowly over the range of si'muiated' flows in all reaches and in all
habitatsi' Thc changes in depth at flows of 1.5 versus 50 cfs ranged from 04 to 1.1 feet.
This 3,200 percent increase in flow resulted in an increase of depth ranging from 15 to

; 250 percent.

34 VELOCITY AT THE THALWEG

Ve]ocﬁy at the thalweg increased as a ﬁ.mctlon of ﬂow in all habitat types and in all .
- reaches. R.tﬁ'les had the-greatest increase in velocity with increased flow, followed by
runs, and then by shéllow pools and glicies (Table 3-4, F:gure 3-6). Deep pdols had the
lowest incfease in vélocity with incf_eascd flow levels. The .velocity in riffles at 5 cfs was
0.4 to 0.5 fps and increased to 1.3 to 1.8 fps at 50 cfs. In deép pools, velocities were
0.0 t0 0.1 fps at 5 cfs and 0.3 to 0.7 fps at 50 cfs, depending on th.f:'re_ach.
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Table3-3.  Thalweg Depth by Habitat Type in the Three Study Reaches

Highway 154
Maximum Depth (ft)
Discharge o . .
- {cfs) Rifile Run Glide Sh. Pools Dp. Pools
15 0.4 21 Not 0.7 4.0
3 05 . 21 Sampled 0.7 41
5 0.6 25 c 0.8 4.1
10 0.7 2.7 0.8 42
15 07 27 0.9 4.3
20 0.8 28 . 0.9 4.4
25 0.8 29 1.0 4.4
30 0.9 29 1.0 . 45
35 0.9 29 1.0 45
40 0.9 3.0 1.1 45 .
45 10 3.0 1.1 46
50 1.0 3.0 1.1 46
"~ Refugio Reach
Discharge ' _
(cfs) Riffle Run Glide Sh. Pools Dp. Pools
-5 . 05 1.5 1.5 13 26
3 085 1.6 16 14 27
5 07 1.7 17 15 2.8
10 0.8 1.9 1.9 1.7 3.0
15 09 20 .20 1.8 31
20 1.0 2.0 2.1 1.9. 32 -
25 1.0 2.1 2.1 - 19 .33
- 30 11 2.1 22 2.0 ‘3.3
a5 1.1 2.1 22 .20 34
40 1.1 22 22 21 34
45 1.2 22 23 2.1 - 34
50 1.2 22 23 . 2.2 35
Alisal Reach
Discharge .
{cfs) ‘Riffle - Run Glide - Sh. Pools "~ Dp. Pools
1.5 05 . 2.3 - 15 Not 2.8
3 0.6 2.4 1.6 Sampled 3.0
5 07 2.5 1.7 a1
10 0.8 286 1.8 a3
15 - 09 2.7 1.8 35
20 1.0 28 1.9 36
.25 10 28 19 37
30 1.1 2.9 20 37
35 1.1 2.9 2.0 38
40 1.2 3.0 20 38
45 1.2 30 2.0 39
50 1.2 3.0 21 3.9




Maximum Depth vs. Flow by Habitat Type in the HWY 154 Reach
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Figure 3-5. Depth Versus Flow Relationship by Reach and Habitat Type.
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Table 3-4. - Thalweg Velocity by Habitat Type in the Three Study Reaches.

Highway 154
Thalweg Velocity (fps) .
Discharge :
(cfs) - Riffie ~ Run Glide Sh. Pools Dp. Pools
1.5 03 0.1 Not 00 0.0
3 04 0.1 Sampled 0.1 0.0
5 0.4 0.2 0.1 0.0
10 08 0.3 0.2 0.1
- 15 0.8 0.4 0.2 0.1
20 0.9 0.5 0.3 0.1
25 1.4 0.5 03 - 02
30 1.2 0.6 0.4 0.2
35 1.3 0.7 0.4 0.2
40 1.4 0.7 0.5 02 .
45 1.5 0.8 0.5 03 -
50 186 0.9 0.5 0.3
Refuglio Reach
Discharge. .
(cfs) Riffie . Run - Glide Sh. Pools - Dp. Pools -
15 03 0.1 0.1 0.1 0.0
3 04 0.2 0.1 0.1 0.1
5 . 0.5 0.3 0.1 0.2 0.1
10 0.6 04 02 0.3 0.1
- 15 0.9 0.5 0.3 0.4 0.2
20 1.0 0.6 0.3 0.5 03
25 1.2 08 0.4 0.5 0.3.
30 1.3 0.9 04 0.6 0.4
35 1.4 1.0 05 07 05
40 1.5 1.4 0.6 0.7 0.5
. 45 16 1.2 0.6 0.8 0.6
150 18 1.3 0.7 09 0.7
Alisal Reach
Discharge ' _
{cfs) Riffle Run Glide Sh. Pools ‘Dp. Pools. -
1.5 03 0.0 0.1 Not 0.1
3 0.3 0.1 0.2 Sampled 01
5 0.4 0.1 0.2 ' o 0.1
10 08 0.2 0.3 02
15 07 0.3 0.4 03
20 0.8 0.4 0.5 0.3
25 08 0.5 05 0.4
30 1.0 08 06 0.4
35 1.1 0.7 06 0.5
40 12 0.8 0.7 05
45 1.2 0.9 07 06
50 13 1.0 0.8

08



Thalweg Veloclty vs Flow by Habitat Type in the HWY 154 Reach -

3-14

25 T Y
: I—-rifﬂes - runs----.--Sh Pools-—--—-Dp Pools|
20 : : :
I o
& 15 _ S
g' . ~ . /-'-—-.’_— . . S I i
sl | "____.---_ ""__-____ __________ I
B e P TS st Aoty ARSAR MNVAIY AN R
0.0 +—raaiiec= - —— _ _
o 5 10 15 20 25 - 30 35 40 45 50
' ' Flow {cfs) - N
25 Thalweg Veloclty Vs, Flow by Habltat Type i |n the Refuglo Reach
o L—nffles ~ e —rung - ---- gides —o—sh, Poois -El—Dp Pools | ‘
2.0
7 : I
&1 —— '
I & ] [
g 1.0 — — e T
2 . e B e I SRR - -
- . / ———— - -7 s —
0'5 . : ‘-—-_-_ —— . — R P T L s
0.0 = e — - — _ :
0. 5 10 1§ - 20 5 % - 38 40 a5 R
Flow {(cfs) : : "
2'5 ~Thalweg Veloclty VS, Flow by Habitat Type in the Alisal Reach
* I I ] i
[ fiffies = = < runs =« - - == glides—-—-dp poo_l
20 -
Es
[t} . .
210 _ g I — -
- | ] hemenTIRT
. Q.5 : / — . '_.-_._-_-5_-.."-'-"""""-' . [ R
b AR ST T
00 | ST |
0 s 10 - 15 . 20 25 - I " 35 40 - 45 50 |
' Flow (cfs)
Figure 3-6.  Velocity Versus Flow Relationship by Reach and Habitat Type.
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